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TO THE EDITOR
I read with interest the paper by Gueranger
et al. (2013) who showed that a fully
functional DNA repair proteome is a
crucial prerequisite for the removal of
harmful DNA lesions after exposure of
the skin to UVR. The authors elegantly
show that oxidative protein damage
induced by UVR precedes DNA damage,
ultimately resulting in compromised DNA
break-rejoining, base, and nucleotide exci-
sion repair. Because DNA repair pathways
consist of repair proteins (Lagerwerf et al.,
2011), it is not surprising that loss-
of-function of key DNA repair proteins
may have serious consequences in terms
of genome stability. The paper by
Gueranger et al. (2013) is extremely
interesting because it challenges the
current central dogma of photobiology,
stating that molecular alterations to DNA
have the central role in UVR-induced cell
damage and skin carcinogenesis (Nakanishi
et al., 2009; Elmets and Athar, 2013).
In accordance with the hypothesis that
proteins—and not DNA—are the mainAccepted article preview online 3 February 2014; published online 6 March 2014
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biological targets of UVR in living cells,
fresh insights into the role of protein
oxidation in photobiology have recently
come from extremophile bacteria such as
Deinococcus radiodurans, which is char-
acterized by an impressive ability to resist
extremely high doses of UVR (500 Jm2)
(Daly, 2012). Puzzlingly enough, the
extreme resistance of D. radiodurans
to UVR is not chiefly dependent on an
efficient DNA repair system (Daly, 2012).
By contrast, protection against protein
oxidative damage is the main mecha-
nism of D. radiodurans adaptation to
UVR exposure (Slade and Radman,
2011). Strikingly, other UVR-resistant spe-
cies like bdelloid rotifers have substan-
tially lower protein oxidation levels than
do sensitive organisms, despite a similar
yield of DNA double-strand breaks
following UVR exposure (Krisko et al.,
2012). Therefore, the resistance to UVR
critically depends on an efficient pro-
teome protection (but not DNA pro-
tection) against UVR-induced oxidation
(Krisko and Radman, 2010; Slade and
Radman, 2011). In general, extremo-
philes are able to achieve an excep-
tional resistance to UVR via simple non-
enzymatic antioxidant mechanisms con-
sisting of manganese ions complexed
either with low-molecular-weight pep-
tides (Daly, 2012) or trehalose (Webb
and DiRuggiero, 2012), which can pro-
tect the cell proteome from oxidation and
carbonylation due to their high
scavenging capacity (Slade and Radman,
2011).
Due to recent discoveries in the field of
UVR-resistant organisms, it is likely that
the next years will see a Copernican
Revolution in the field of photoprotection
as the research interest will shift from a
DNA-centered view of UVR-induced
damage to a protein-centered model
where a reduced resistance to UVR is
caused primarily by oxidative damage to
proteins, with consequential loss of main-
tenance activities including DNA repair
(Slade and Radman, 2011). This view is
not at all in antithesis with the proven
usefulness of DNA repair enzymes in
photoprotection (Berardesca et al., 2012;
Emanuele et al., 2013): enzymes are
indeed proteins, and thus supply the
function of endogenous repair proteins
oxidized by prolonged UVR exposure.
Such findings have important implica-
tions for skin carcinogenesis. Muller and
Woods (2013) have recently shown that
exposure to UVR elicits an activation of
DNA repair proteins aimed at counter-
acting the well-known detrimental effects
of UVR on the cell’s genome. Similarly,
Perluigi et al. (2010) have reported that a
relevant oxidation of specific proteins
occurs in UVB-irradiated human epithe-
lial keratinocytes. These dysfunctional
oxidized proteins might result in cell
homeostasis impairment and therefore
eventually promote carcinogenesis.
Besides traditional sunscreens, it is
likely that the future in photoprotection
and prevention of skin cancer will see at
least two exciting milestones, that is,
(1) the topical application of xenogenic
DNA repair enzymes (that may over-
come the reduced repaired capacity of
dysfunctional exogenous DNA repair
enzymes following oxidation due to
repeated UVR exposures); and (2) the
protection of the skin proteome against
oxidation, which would in turn preserve
the genomic integrity of keratinocytes.
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TO THE EDITOR
We thank Dr Emanuele (2014) for his
perceptive comments on our recent
paper (Gueranger et al., 2013). We
should point out, however, that it is
not our intention to displace DNA
from its starring role in the central
dogma of skin photobiology but rather
to suggest that DNA repair proteins
share the limelight. UVB-induced DNA
damage, cyclobutane pyrimidine dimersAccepted article preview online 3 February 2014; published online 27 February 2014
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